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ABSTRACT 

Multipole mixing ratios ( 8 ) for gamma transition populated in 70 As from 70 Ge (p,ny) reaction have been studied 
by least square fitting method (LSF), also transition strength [M(EL,ML] 2 for pure gamma transitions have been 
calculated taking into accunte the mean life time for these levels . 

KEYWORDS: Multipole Mixing Ratios, Least Square Fitting Method, Angular Distribution, 70 Ge (p,ny), Transition 
Strength, Gamma Width 

INTRODUCTION 

The energy levels of 70 As have been studied from 70 Se by p + - decay and (p,ny) reaction by Ten Brink et.al [1,2]. 

Filevichctal also study 70 As nuclei from heavy-ion reactions [3].the 8 - mixing ratios of y-transitions from levels 
of 70 As isotopes were calculated using a 2 -ratio and constant statistical tensor CST - Method by taghreed [4]. 
Podolyok et.al have been studied excited levels in 70 As from (p,ny) , were the proton energy is varied between 7.59 and 8.7 
MeV, energies and relative intensities of 113 (among them 60 new) 70 As excited levels, also determined y -ray branching 
and mixing ratios, levels and parity values [5] . 

The aim of the present work is to determine the multipole mixing ratios 8 Q f y -ray for 70 As from (p,ny) reaction 

by using LSF-Method and to study the transition strength of y -ray for pure electric and magnetic equaduapole emission 
in 70 As isotopes . 

Data Reduction & Analysis 

Levels with certain J; values might have no pure y-transition or transition considered to be pure . the statistical 

tensor p 2 (J ; ) for such levels can not be calculated and hence the 8 _ values of mixed transition from such levels can 

not be determined by the CST-Method it also happens that a level with certain J r values has onl y one P ure Y" transition or 
considered to be pure y- transition whose &2- coefficient is not accurately measured in which case , the statistical tensor 

P 2 (Jj ) calculated for that levels shall be inaccurate also, the LSF- Method was there for , suggested to estimate 

P 2 (Jj)for all Ji -values . in this method, the p 2 (J j) values calculated for levels with different J; -values are 
computer fitted to a polynomial series of the form: 

p 2 (J i ) = XB,/ (1) 

with n= 1,2,3,4 and 5, using the least square fitting program that was written in the present work in matlab 
language to determine the B x parameters for all n-values and the R 2 -values for each n. the set with best R 2 values was 
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then used to calculate the P 2 ( J ; ) values for all Ji values . the obtained values of P 2 ( J ; ) are then used to calculate the 

8 - values for all y-transition whose angular distribution have been measured [4,5] An additional calculation was 
performed for each y- ray transition it is the calculation of transition strength and total gamma width as follows: 

Skerka et.al [6] has shown that, the partical width of y- ray transition from an intial state with spin Jj to final state 
with spin J f ,may be represented by the following: 



8 K 

Where 



B(L) 

(2) 



tj : Dirac constant = — , h= plank constant 

c: speed of light 

E y : Gamma ray energy 

L .■ Angular momentum of the y - transition, L j= 0 
B(L) :Reduced transition probability 

The wisskopf single-particle reduced transitions probability is defined in Ref.[7] by : 
f 2 (EL) sp 

3 (EL) tw.v) = 



t 7 B (EL)^ 



^ 'A : partical half life for y - ray transition . 

If the total width is r r = X r yi (4) 
Then r,,T= J) =0.65822X10 ' 5 ev.s (5) 

Where T is the mean life time of the initial state = ^ ^ 



ha (6) 



The y- ray transition strength [M] 2 is defined as [6] 



[M] 



r 



(7) 



Tr w= width in Weiss Kopf unit 

By using single partical model, Weisskopf derived the following relation for 
f rw [(EL)] and [(ML)] : 

T, v (EL) =6.7469xl(T n A :i Ej 3 (8) 
Impact Factor (JCC): 1.9845 Index Copernicus Value (ICV): 2,4 
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r„ (ML) =2.0722X10-" Ej (9) 

Where A: mass number. 
E T in keV,r rw in eV. 

For y -transitions with mixed mulipolarities L and L+l and by theoretical calculation from Ref.[7] substuting 
mixing ratio 8 in eq .(5&6) 

r(L+i) 

o — 



T(L) 



(10) 



(11) 



Where 

r(L)+r(L+i)=r T 

partial width of each y- ray can be calculated as follows [8]: 

(F yL = BRixr r (12) 
BR; is the branching ratio of (y; ) which can be calculated as in Ref. [9] from : 



(13) 



hi 

BRfyi) = — x 100% 

* at 

I y i = the relative intensity of y; 

I,o,= ZI, 

Also the square of the mixing ratio 5 2 , may be defind as follows[9] 
S 2 = ht(L+l) 

IJL) +Iy(L+]) =I 7 (15) 

For pure EL, ML transition 8 =0 and hence: 

r(El) or r(E2 ) = r y (16) 

And the transition strength of this transition can be calculated by using eq.(6), the corresponding r yw (E 2 ) Values 
calculated for the transitions ,so that eq. (8,9) can then used in the form of 

[M(El)f 



(14) 



r(Ei)w.u (17) 
r(Mi) 

[M(M)f= ■ .. 

T yvf (Ml) „_ a 
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RESULTS & DISCUSSIONS 

Result for 5 - Values Calculated by LSF Method 

The weighed average of P 2 ( J i ) presented in table (1),(2) were computer fitted as mentioned previously . 
The fitting equation was as follows 

P 2 (J i ) = -0.09 -0.54135 J, + 0.36578 J 2 , -0.12615 J 3 , - 0.013623 f t (20) 

The P 2 ( J J ) values calculated for each Ji as follows 

P 2 (1) = - 0.3844 

P 2 (2) = -0.5135 

P 2 (3) = -0.7436 

P 2 (4) = -1.0144 
p 2 (5) = - 0.9383 

the statistical tensor coefficient p k (Jj,Mj) are constant for each J; values then according to [10]: 

m i= 0 (2D 
1 

or m , = — 
2 

the statistical tensor p k (J;) would also be constant for level with the same (J;) value so eq.(21) can be used to 
calculate multipole mixing ratio for y - transition for each levels where (Jj) is constant by using p k (J;) values as 
folio ws[ 10]: 

a 2 (J i -Jf)=p 2 (J i )F 2 (J i JfS) .(22) 

Where F2 (Ji Jf 5) is parameters included information about angular momentum and mixing ratio and 
given by [11] 



Fj (Ji J f 5) = 



(7+ S 1 ) 



Whsre : The F 2 MatoKwa^rgH^aitai inRsr. [12] 

Ll=l J i-Jfl^0 (24) 
Li=Li+l (25) 
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Sub.eq .(23) in eq. (22) the result as follows: 

a 2 (1-1) = p 2 (1) 



-0.35355-2.12134 3 - 0.35355 3 J 



(1+ F) 

0.07071+ 

a 2 (l-2j= p2(l) 



0.07071+0.948686+ 0.35355 3 2 



0.41833- 

a 2 (2-1) = p2 (2) 



0.41833 - 1.87084 3 - 0.29881 3 2 



a- 3') 

_, -0.41833-1.22476 3 + 012806 3 J 
a 2 (2-2) = p2(2) 

(1+3 2 ) 

f} ZAAA J_ 7 . 

a 2 (3-2)= p2(3) 



034641-1.89738 3 - 0. 12372 3 2 



a 2 (3-3)= p 3 (3) 



a2 (3A)= P 2(3) 0-^^^^S3 + 0.30P2P3 J 

(1+3 2 ) 



a 2 (4-2) = p2 (4) -0-44770 - 1.05944 3 - 0. 47009 3 J 



d+3 J ) 



/Jt _ , Ai 0.31339-1.88036 3 - 0.044 77 3 2 
a 2 (4-3) - pi (4) 



(1+3 2 ) 



a 2 (4 A) = p2(4) -0.4387 5 — 0.67082 3 +0.26455 3"* 

(1+3 2 ) 



_ 0.29439 -1.86190 3 +0.00000 3 J 

&3 - P2 P) 



Results for Transition Strength 



(26) 



(27) 



(28) 



(29) 



Q + * ) (30) 
-0.43301- 0.866023 + 0.22682 3 J 



(31) 



(32) 



(33) 



(34) 



(35) 



0+ 3 2 ) (36 ) 



The transition strength [M(EL,ML)]" for y- transitions from excited levels to the ground levels that produced by 
pure electric or magnetic quadrupole transitions for 70 As isotope represented in figure 1 have been calculated as follows: 
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Mean life time t for excited level calculated by using eq. (5) half life times t 1/2 related to these levels were present 
to gather with relative intensities for y -transition measured by Ref .[5]. 

The total gamma width T y calculated by using eq.(4) table (3) represent these values. 

• Using total gamma width and relative branching ratios in order to calculate partial gamma width T (E 2 ) & T (Mi) 
by using eq. (11). 

• Using eq.(8 & 9) the partial gamma width T (E 2 ) & T (Mi) in w.u were calculated for each gamma transition 

• Table (4) represent the transition strength values [M(EL,ML)] 2 for each y - ray transition were calculated by 
using eq.(15). 

CONCLUSIONS 

In the present work, The LSF -Method has been used to calculate the multipole mixing raitios of y- transition 
from level in 70 As and also transition strength pure y -ray transition also calculated. The reselts are in general, in good 
agreement with those obtained previously CST (1) & CST(2) and that from other refrenceses. Ths confirms that the present 
Method is good as other Methods and rather simple. 
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APPENDICES 

51 jffl <J US iuil tiVlluV (8) ilaJl M*^ ,t '^.'" I j* (J fi As JcLiSl) <i S-il jUl (p,n T ) 70 As 70 Ge ^W>»ll ^ij^ 

Table 1: Multipole Mixing Ratios (5) for Gamma Transition Populated in AS by Using Least Square Fitting 
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Table 2: Multipole Mixing Ratios of y-Transitions Populated in 70 As by Using Aproximated Values from R ef.[9] 
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Table 3: Mean Life Time (r m ) and Total Gamma Width ( T T ) for Levels of 7 " As 
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Table 4: The Transition Strength, [M(EL, ML)] 2 for 70 As Nucleus 
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Figure 1: High Energy Part of the Proposed Level Scheme of AS Adopted of the Nuclear Data Sheets Evaluatio 
Are Shown on the Left Side, which Contain Also the High-Spin States, Excited in Heavy -Ion Reaction.[i3] 
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